Abstract. Clostridium perfringens is a conditional pathogen, which widely exists in the nature water, soil, intestinal tract, and serious threat to public health and safety. In this study, the codon usage of Clostridium perfringens was examined. CDS sequences of 2744 high confidence protein coding genes were selected from Clostridium perfringens Genome Database. Their GC content of these genes ranged from 14.7% to 41.9%, with the average of 29.9% for whole genome. The frequency of G or C in the third position of synonymous codon was 25.6%, which was lower than that of A or T. The effective number of codon(ENC) of Clostridium perfringens genome ranged from 26.9 to 61.0,with the average of 39.9. Clostridium perfringens prefer codons ending in A/T. The ENC values of each gene significantly positive correlated with its C3s, G3s, GC3s and GC content (r=0.674, 0.738, 0.780 and 0.368, respectively, p<0.01). However, ENC showed significant negative correlations with T3s, respectively, p<0.01). A total of 27 optimal codons were found from Clostridium perfringens genome, all of which the third position of synonymous codon was A or T.
Introduction
Most amino acids can be coded by more than one triplet of nucleotides. Such codons are defined as synonymous codons. Synonymous codons are not used equally both within and between genomes [1, 2] many factors have been reported to influence codon usage in various organisms. Compositional constraints and translational selection are considered to be the main influences [3] .
Studies of synonymous codon usage can help us to understanding the mechanisms of biased usage of synonymous codons [4] , the selection of appropriate host expression systems [5] , the design of degenerate primers [6] , gene prediction from genomic sequences [7] , and protein functional classification [8] . In addition, profiles of synonymous codon usage can reveal information about the molecular evolution of individual genes and provide data to train genome-specific gene recognition algorithms, which detect protein-coding regions in uncharacterized genomic DNA [9] .
Clostridium perfringens (C. perfringens)is a Gram-positive, rod-shaped, anaerobic, spore-forming pathogenic bacterium [10] . In the United Kingdom and United States, C. perfringens bacteria are the third most common cause of foodborne illness, with poorly prepared meat and poultry, or food properly prepared but left to stand too long, the main culprits in harboring the bacterium.
In this study, we analyzed the codon usage of C. perfringens from genome using the CodonW 1.4.2 program. The results may provide some insights into the basic characteristics of the C. perfringens genome as well as information about the evolution of the bacterium. Knowledge of the codon usage profile in C. perfringens can provide a basis for understanding the mechanisms of biased usage of synonymous codons.
Materials and Methods

Data
Data of genomic coding sequences were retrieved from the genome database in National Center for Biotechnology Information (NCBI; http:www.ncbi. nlm.nih.gov/nuccore/NZ_cp019576.1). Our own program developed in PERL script was used to extract the coding sequences.The dataset obtained was then manually checked to correct existing errors, and the 5'-or 3'-partial CDSs were removed. To minimize sampling errors, genes less than 300bp were excluded. Finally, A total of 2744 genes was further analyzed.
Parameters for Assessment of Codon Bias and Statistic Analysis
The following codon indices were examined: relative synonymous codon usage (RSCU), effective number of codons (ENC), codon adaptation index (CAI), frequency of optimal codon (FOP), frequencies of adenine (A3s), cytosine (T3s),guanine (G3s), and cytimidine (C3s) in the third position of synonymous codons, the average value of GC-content in the first and second position of the codons (GC12), the GC-content in the third position(GC3) and the content of either a G or C at the third codon position of synonymous codons (GC3s).
RSCU is a parameter for assessing usage bias of 59 synonymous codons except for the termination codons TAG, TGG, and TGA and the unique codons Met and Trp. The RSCU value is defined as the ratio of actual observed value of synonymous codons to the expected value when they were used with the same probability [3] . The RSCU value is 1.0 when the synonymous codons are completely used in random; however, this value will be larger than 1.0 when a codon has more frequent use than other codons, and vice versa.
ENC shows the magnitude of codon bias of a single gene,which ranges from 20 (each amino acid is encoded by only one codon) to 61 (all the codons are used randomly). Genes with lower ENC have stronger codon usage bias [11] .
CAI is the match degree between synonymous codons of high confidence CDS and optimal codons, which ranges from 0.0 to 1.0. The genes with high expression levels exhibit high CAI values, and vice versa. CAI value has been widely used in predicting gene expression level because it is extremely approaching the observed value of gene expression [12, 13] .
The frequency of optimal codon (FOP) is the percentage of optimal codons to all codons. 
Software
Results
Codon Composition Analysis
The G+C content is 14.7~41.9%. The average content of GC in whole genome was 29.9%. The GC content 3 rd position of synonymous codons(25.6%) is lower than AT content 3 rd position of synonymous codons. The content of G3s, C3s, A3s and T3s were 24.8%, 11.5%, 53.0% and 43.2% (Table 1) . 
Usage Preference Analysis of Synonymous Codon
The whole genome of C. perfringens was analyzed and processed with CodonW software. Data on the preferences and frequency of synonymous codons for all amino acids of the C. perfringens genome are listed (Table 2 ). In codons with RSCU values greater than 1, codons ending with A, U, G, and C accounted for 56.9%, 41.2%, 0, and 1.91% respectively. This shows that C. perfringens prefer codons ending in A/U. 
Association between Effective Number of Codons (ENC) and GC3s
Plotting ENC and GC3s is an effective way to explore the main features of codon usage among genes [11] . The relationship between codon usage parameters was also analyzed and the relationship between ENC and GC3s is shown (Figure 1 ). The solid line represents the relationship between ENC and GC3s without any selection pressure. Notably, most genes with lower ENC values than expected were lying well below the curve, suggesting there were other factors, particularly selective expression level affecting the codon usage combined with composition mutation. 
Neutrality Plot Analysis
In the neutrality plot of all the genes generated to evaluate the relationships among the three positions in C. perfringens codons ( Figure. 2), most did not lie on or along the diagonal line. In addition, the ranges of GC12 and GC3 were narrow (16.75%-53.40% and 6.30%-31.70%, respectively). These data suggested that C perfringens codon usage is affected by natural selection. Moreover, linear regression of the entire coding sequence data yielded a slope of 0.3324, revealing that directional mutation pressure accounts for only 33.24% of the effect, while other factors (e.g. natural selection) account for 66.76% of the influence. 
Optimal Translational Codons
The average RSCU values of high/low expressed gene sample group are listed in Table 3 . Twenty-seven codons, including UUU, UUA, AUA and AUU, were identified as optimal translational codons based on the average RSCU values of the high and low datasets. The optimal codons all ended with A or U (Table 3) . 
Correlation Analysis of Codon Evaluation Parameters
The ENC values of each gene significantly positive correlated with its C3s, G3s, GC3s and GC content (r=0.674, 0.738, 0.780 and 0.368, respectively, p<0.01). However, ENC showed significant negative correlations with T3s, A3s and CAI (r=-0.668, -0.688 and -0.255, respectively, p<0.01, Table 4 ). These results indicated that gene expression levels were affected GC content, especially G/C content of the third position. To be more specific, genes with higher expression levels had a greater degree of FOP and GC-rich content. Furthermore, these genes exhibited preference for codons with C or G at the synonymous position. 
Discussion
Nucleotide composition is one of the most important factors that shapes codon usage with GC-content reflecting the overall trend of codon mutation [14] . The average GCcontent of the total of 2,744 C. perfringens genes investigated was 29.9% (below the average AU content), while the average GC3s content was lower at 25.6%. These results are consistent with the GC and AU contents of C. acetobutylicum [15] .
The uses of codons are different between species during gene expression. Different organisms have different preference of the synonymous codons. The base of the codon at three sites will mutate during evolution. But the meaning of the mutation is very different. The mutations in the first two positions are usually lead to changes in the edcoded amino-acid sequence, while the mutations of the third position rarely induces such sequence variation [16] . It is generally acknowledged that the third codon position is subject to lower selection pressure compared with that of the first and second codon positions. Thus, ENc-GC3s correlation analysis, and neutrality plot analysis based on GC3 or GC3s are important for elucidation of the codon usage patterns in many organisms.
In this study, we firstly analyzed the codon usage of C. perfringens using the the whole genome data. The result shown that all of the optimal codons are ended with A or U, which indicate that the C. perfringens genome prefers codon ending with A or U. Neutrality plot analysis shown that most genes with lower ENC values than expected ones were lying well below the curve. GC3s-ENC revealed that most genes were not lie on or along the diagonal line. These data suggested that there are other facters (e.g. natural selection) influence the codon usage as well as composition mutation.
